Breast augmentation with liposuction was first reported by Bircoll 1 in 1987, but in the same year the American Society of Plastic Surgeons (ASPS) prohibited breast augmentation by autologous fat grafting because of the potential for scarring or calcification to interfere with mammographic breast cancer diagnosis after augmentation surgery.
INTRODUCTION
Breast augmentation with liposuction was first reported by Bircoll 1 in 1987, but in the same year the American Society of Plastic Surgeons (ASPS) prohibited breast augmentation by autologous fat grafting because of the potential for scarring or calcification to interfere with mammographic breast cancer diagnosis after augmentation surgery. 2 Subsequently, Coleman and Saboeiro 3 and Spear et al. 4 reported that autologous fat grafting was safe and achieved good results, and in 2009 the ASPS proposed recommendations for autologous fat grafts. 5, 6 Today, breast augmentation by autologous fat grafting is widely performed both in cosmetic surgery clinics and as reconstructive surgery, including in Japan.
absolutely no risk for any patient and can be carried out easily in comparison with computed tomography or magnetic resonance imaging (MRI). Furthermore, ultrasound is a noninvasive and convenient method for screening and also diagnosis and treatment of breast, liver, and pancreatic cancer. [11] [12] [13] However, there are no detailed reports about treatment strategies for breast lumps after breast augmentation with autologous fat grafting.
In this study, we investigated the effectiveness of ultrasound diagnosis and treatment of breast lumps after autologous fat grafting.
SUBJECTS AND METHODS
This study was approved by our institutional review board, and all subjects provided written, informed consent before study inclusion. The study subjects were 259 patients who had noticed lumps after autologous fat grafting between April 2012 and April 2017. The location, size, and nature of the lumps were diagnosed by doctors specializing in breast augmentation or breast cancer and some radiologists. The ultrasound (HIVISION Avius with an EUP-L74M probe, Hitachi Medical Systems, Northamptonshire, UK) was used, and lumps were classified into five types: cystic, complex, solid, calcification, and unclassifiable. Liposuction was performed with an ultrasound device (VASER Lipo System; Sound Surgical Technologies, Louisville, Colo.).
Characteristics of Each Lump Type
Cystic lumps contained only oily components, whereas complex lumps consisted of mixed oily and solid components, and solid lumps contained almost all solid components. Calcification lumps were defined as those with widespread calcification of the capsule. Unclassifiable lumps involved inflammatory change of the mammary gland and pectoralis major muscle; this invasiveness was unable to be diagnosed with only ultrasound and so MRI was used.
Anesthesia
Surgery was performed using a combination of local anesthesia (1.0% lidocaine with 0.01% epinephrine), intravenous anesthesia (1.0% diprivan), and liposuction with the tumescent technique (1 mL of epinephrine, 20 mL of 8.4% sodium hydrogen carbonate, and 50 mL of 1.0% lidocaine per 1000 mL of saline solution). 
Treatment for Each Lump Type
Cystic lumps were treated by fine-needle aspiration, whereas VASER liposuction (V-mode 50%, 1 minute) was used to break down and aspirate fat from complex and solid lumps. Calcification and unclassifiable lumps were removed via a periareolar incision. All types of lumps were treated under ultrasound guidance. Treatment efficacy was determined by postoperative palpation and ultrasound.
RESULTS
All 259 patients who had noticed lumps after breast augmentation with autologous fat had undergone fat grafting for cosmetic reasons. Three patients were suspected to have a malignant tumor, and we therefore referred them to a specialist hospital. Hence, we examined a final total of 256 patients. Mean patient age was 37 ± 9 years, mean lump size was 3.8 ± 2.3 cm, and mean number of lumps was 5.2 ± 4.2. The prevalence of each lump type was as follows: cystic in 79 patients (31%), complex in 64 patients (25%), solid in 50 patients (19%), calcification in 58 patients (23%), and unclassifiable in five patients (2%). Lumps were located subcutaneously in 43 patients (17%), beneath the mammary glands in 196 (77%), and beneath the pectoralis major muscle in 17 (6%). The mean time from breast augmentation surgery to lump diagnosis was 56 ± 51 months ( Table 1) .
The mean lump size was 2.2 cm for the cystic type, 3.8 cm for the complex type, 3.7 cm for the solid type, 4.6 cm for the calcification type, and 4.8 cm for the unclassifiable type. Cystic lumps tended to be smaller than the other types. The mean number of lumps per patient was 6.5 for the cystic type, 5.8 for the complex type, 5.6 for the solid type, 4.5 for the calcification type, and 3.8 for the unclassifiable type. The majority of all types were found under mammary gland and the mean time from breast augmentation surgery to lump diagnosis for calcification type lumps were longest ( Table 2) .
Of the 256 patients, 198 (77%) requested treatment, whereas 58 declined treatment. The main reasons for declining treatment were non-malignancy, cost, desire to preserve breast shape and volume, and scar avoidance. Fine-needle aspiration was used to treat 56 patients with cystic lumps. VASER liposuction was used to treat 49 patients with complex lumps and 44 with solid lumps. Lumpectomy was performed in 47 patients with calcification lumps, and three patients with unclassifiable lumps underwent extended lumpectomy. All cystic lumps were resolved by fine-needle aspiration alone. Almost all complex and solid lumps were resolved by VASER liposuction. However, the results were not good for eight patients; two of these patients had big complex lesions, and six had big solid lesions with thick capsules that were partially calcified. Although their lump contents were aspirated, these lumps recurred because fluid accumulated within the capsules. The complex lesions were subsequently resolved after a single aspiration, and the solid lesions resolved after lumpectomy. All calcification lumps were resolved by lumpectomy, and unclassifiable lumps were by extended lumpectomy alone (Fig. 1 ). There were no serious compli- cations. In all cases, the lumps were no longer palpable after treatment, and ultrasound showed that they had either contracted or disappeared.
CASE PRESENTATIONS
Representative cases of each type are described below.
Case 1: Cystic Type
A 32-year-old woman had undergone breast augmentation with autologous fat 10 months previously. A 1.3-cm subcutaneous cystic lesion was evident in the lateral upper part of the left breast. This disappeared after fine-needle aspiration with an 18-G syringe needle under local anesthesia. The aspirated content was a white oily substance (Figs. 2, 3 ).
Case 2: Complex Type
A 24-year-old woman had undergone breast augmentation with autologous fat 14 months previously. A 10-cm complex lesion was evident beneath the right mammary gland. A 5-mm skin port was inserted into the right axillary region and VASER liposuction was performed, after which the contents were aspirated via a 3.7-mm cannula. The aspirated contents were a white oily substance and bloody or necrotic fat (Figs. 4, 5).
Case 3: Solid Type
A 43-year-old woman had undergone breast augmentation with autologous fat 14 months previously. A 4.8-cm solid lesion was present beneath the left mammary gland. A 5-mm skin port was inserted into the right axillary region and VASER liposuction was performed, after which the contents were aspirated via a 3.7-mm cannula. Pathological examination of the aspirated contents revealed degenerated and necrotic fat cells (Figs. 6, 7).
Case 4: Calcification Type
A 34-year-old woman had undergone breast augmentation with autologous fat 10 years and 9 months previously. A 4.0-mm calcified mass was evident beneath the left mam- mary gland. The lump was removed via a periareolar incision. The enucleated mass was necrotic fat with a hard, calcified capsule (Fig. 8 ).
Case 5: Unclassifiable Type
A 30-year-old woman had undergone breast augmentation with autologous fat 33 months previously. A 3.5-cm cystic mass was evident beneath the internal part of the right mammary gland. There were extended adhesive and inflammatory changes of the mammary gland and pectoralis major muscle. The lump and surrounding hard tissues were removed via a periareolar incision. Postoperatively, the right breast was deformed. The surrounding hard tissues had necrotic changes (Figs. 9, 10).
DISCUSSION

Mechanism of Lumps
Although the process whereby the injected fat forms lumps is not well understood, lumps after autologous fat grafting are thought to be formed as a result of inflammatory reactions and fibrosis of the injected fat, followed by the occurrence of fat necrosis. Histopathologically, phagocytosis by foam cells occurs in response to the breakdown and vacuolization of fat cells, and unprocessed necrotic substances are surrounded by proliferated fibroblasts. 14, 15 The progression of fibrosis is considered to vary depending on the status of fat necrosis, and may be accompanied by calcification. 10, 14, 15 In this study, the breast lumps after breast augmentation with autologous fat grafting comprised a variety of forms. It is conceivable that if necrotic fat is solid and not completely absorbed, a hard capsule may form around it as a result of inflammation and fibrosis to create a solid lesion 16 ; if the central part then becomes necrotic and liquefies, this may result in the formation of a complex or cystic lesion. 16 
Diagnosis of Lumps
Chala et al.
14 carried out a detailed investigation of fat necrosis using mammography, ultrasound, computed tomography, and MRI, and reported that mammography is useful for identifying microcalcifications, whereas MRI is useful for identifying inflammation and fibrosis. Costantini et al. 17 used mammography, ultrasound, and MRI to examine women before breast augmentation by autologous fat grafting and 6 and 12 months after the procedure, and found that calcifications were best diagnosed by mammography, oil cysts by ultrasound, and fat necrosis by MRI. We consider that ultrasound is best for evaluating breast augmentation by autologous fat grafting for the fol- Fig. 2 . cystic type lump in a 32-year-old woman had undergone breast augmentation 10 months previously. a, Ultrasound revealed a subcutaneous, 1.3-cm, round, anechoic shadow. Posterior echo enhancement was also evident, and an oil cyst was diagnosed (arrow). B, Ultrasound-guided fine-needle aspiration was performed with an 18-g syringe needle (arrow). c, after aspiration, the oil cyst had completely disappeared (arrow). lowing reasons. Mammography does not indicate the layer in which a lump is located, whereas ultrasound is capable of evaluating the size, nature, location, and perfusion of lumps, making it easy to differentiate them from breast cancer. Furthermore, ultrasound is better than computed tomography and MRI for the initial diagnosis of breast lumps in terms of cost, simplicity, and invasiveness.
When conducting an ultrasound examination of breast lumps after breast augmentation by autologous fat grafting, the most important point is their differentiation from breast cancer. In this study, three patients had indicative signs of breast cancer and were referred to a hospital specializing in breast cancer.
Frequency of Lumps
Numerous recent reports have described the efficacy and safety of breast augmentation by autologous fat grafting. The reported incidence of palpable lumps varies, but a review of 36 studies found that palpable lumps occurred in 7% of cases, 8 and a review of 18 studies reported rates of 0%-8%. 9 Wang et al. 18 also found lumps in 34 out of 41 patients who underwent autologous fat grafting (cystic lesions in 61.9%, complex lesions in 16.1%, and solid lesions in 22%). In this study, the lumps were cystic in 31%, complex in 25%, solid in 19%, calcification in 23%, and unclassifiable in 2%; similar to previous studies, the cystic type was the most common (Table 1) .
Size and Number of Each Type of Lump
Several studies have reported that larger volumes of injected fat result in a greater size and number of lumps. 19, 20 The volumes of autologous fat injected in the all patients of this study were unknown, as the fat injections were done at other clinics. However, there was a possibility of an inverse correlation between the number and size of the lumps; the bigger the lump size, the lesser the number of lumps ( Table 2) .
Location of Each Lump Type
A study of 66 patients reported liponecrotic cysts in 11 patients (16.7%), with the majority located beneath the mammary gland. 21 The authors suggested that the reason for the large number of lumps at this location may have Fig. 4 . complex type lump in a 24-year-old woman who had undergone breast augmentation 14 months previously. a, a 10-cm complex lump was evident beneath the right mammary gland (arrow). B, liposuction with the tumescent technique in the capsule was performed (arrow). c, the solid component was broken down by VaSer (arrow). D, at the conclusion of VaSer treatment, the oily component had decreased (arrow). e, the contents were aspirated via a 3.7-mm cannula, leaving a small amount of liquid (arrow). F, after treatment, the contents had completely disappeared (arrow). been that contractions of the pectoralis major muscle caused the injected fat to accumulate in one place, where it became necrotic. 21 Another reason may be that perfusion beneath the mammary gland is poorer than under the skin or pectoralis major muscle. 22 In this study, all types of lumps were also more commonly found under the mammary gland than subcutaneously and/or under the pectoralis major muscle. Although the injection sites were unknown (as all the present patients underwent breast augmentation at other clinics), most lumps were located beneath the mammary gland, consistent with previous studies ( Table 2) .
Progress of Each Lump Type
Soo et al. 23 used ultrasound to evaluate fat necrosis, and reported that complex lesions transformed into solid or cystic lesions. Wang et al. 18 also reported that four solid lesions and one complex lesion transformed into cystic lesions, suggesting that lumps may change in nature. In this study, the duration from first operation to lump formation in cases with complex type lumps was much shorter than in cases with other lump types, and the duration from first operation to formation of cystic and solid type lumps was similar. Moreover, some complex type lumps were very oily (similar to the cystic type), and some had almost solid components like solid type lumps. We speculate that there is a tendency for complex type lumps to change into the cystic type if necrotic fat is absorbed, and into the solid type if it is not. Furthermore, several of the solid type lumps had a partially calcified capsule, indicating that the solid type may gradually change into the calcification type (Table 2) .
Unclassifiable type lumps were very rare in this study. Normally, breast lumps caused by breast augmentation with autologous fat do not infiltrate the mammary gland or pectoralis major muscle. [16] [17] [18] [19] However, there have recently been a few patients with inflammatory changes in the surrounding tissue. These cases were not reported, so we consider that these cases were likely the unclassifiable type. Breast augmentation by autologous fat grafting is now widely performed both in cosmetic surgery clinics and as reconstructive surgery. Recently, especially in Japan, the importance of breast cancer screening has become widely recognized, and mammography for detecting breast cancer has been gradually increasing. We speculate that strongly pressing the breast lumps during mammography causes breast lumps to rupture, and necrotic fat infiltrates the surrounding tissue. We think that these lumps change over time and become the unclassifiable type.
Treatment of Lumps
The most important aspects of treatment are to diagnose the condition of the lump and completely remove the necrotic tissue. Ultrasound is essential to this process, as it enables monitoring of the lump condition in real time. At our clinic, we treat breast lumps after breast augmentation with autologous fat by fine-needle aspiration, liposuction, lumpectomy, and extended lumpectomy. Cystic lumps are treated with fine-needle aspiration, complex and solid types with VASER liposuction, calcification types are enucleated, and unclassifiable types are resected with the surrounding tissues via a periareolar incision. Ultrasound guidance is indispensable in the treatment of breast lumps after breast augmentation for avoiding damaging the surrounding tissue while accurately treating lumps.
Cystic Type
All 56 patients with cystic lumps underwent ultrasound-guided aspiration with a 16-G or 18-G needle, and 8 . calcification type lump in a 34-year-old woman who had undergone breast augmentation 10 years and 9 months previously. a, a 4-cm calcified mass was evident beneath the left mammary gland (arrow). B, the calcified mass was removed via a periareolar incision. c, the resected lump measured 4.2 × 3.2 cm and its smooth surface was very hard. D, in cross section, the lump had a thick calcified capsule and was full of necrotic fat with no oily content. Fig. 9 . Unclassifiable type lump in a 30-year-old woman who had undergone breast augmentation 33 months previously. a, B, a 3.5-cm cystic mass was evident beneath the right mammary gland (small arrow). this lump had caused extended adhesive and inflammatory changes of the mammary gland and pectoralis major muscle (big arrow). c, the resected lump measured 6.1 × 4.3 cm and was hard. in cross section, the lump and surrounding tissue was very hard and had inflammatory changes. in all cases the lumps disappeared after a single treatment. Maillard et al. reported increased calcification some months after oil cyst aspiration. 24 This likely resulted from the leakage of oily components during aspiration, which caused inflammation and calcification. We did not find this to be an issue, as we carried out aspiration under ultrasound guidance and carefully ensured that all contents were aspirated.
Complex and Solid Types
Given that complex and solid types contain necrotic or degenerated adipose tissue within a fibrous capsule, we think that as long as the contents are removed they will disappear without the need to remove the capsule. Although the VASER is an ultrasound device originally designed for use in liposuction, 25 we used it to remove necrotic tissue from 47 patients with complex type lumps and 38 with solid type lumps. After using ultrasound, we performed liposuction and used the VASER to break down the capsule and suck out the contents. We have been using VASER liposuction to treat complex and solid breast lumps for about 10 years, and regard it as both safe and effective. It provides minimally invasive treatment for complex and solid type lumps that were formerly removed by lumpectomy, leaving only a scar around 5 mm long under the armpit. Ultrasound guidance is important to ensure that all necrotic substances inside the capsule are completely aspirated. If aspiration is incomplete, the lump will persist and the patient will be dissatisfied.
However, if the capsule is big, heavily fibrous, or partially calcified, it may be difficult to remove the lesion entirely and it may still be evident on ultrasound. In two patients with big, complex type lumps who were treated with VAS-ER, the lumps disappeared immediately after treatment but reappeared as cystic lesions several weeks later; these lesions were resolved with fine-needle aspiration. Furthermore, there were six patients with solid type lumps with a heavily fibrous or partially calcified capsule that were difficult to remove completely with VASER treatment; in such cases, lumpectomy is the best treatment (similar to calcification type lumps). Therefore, informed consent about combination therapies for such patients is very important.
Calcification Type
Calcification type lumps have a widespread calcified capsule surrounding the lump. Hence, currently they can be treated only by complete lumpectomy. Kim et al. 26 treated 5 cm calcified pseudocysts by resection via an inframammary incision. Similarly, in Japan, Hyakusoku et al. 27 reported the treatment of palpable lumps with lumpectomy although almost all lumps were removed via a periareolar incision. We also use this technique as it leaves a less obvious scar.
Unclassifiable Type
In cases with unclassifiable type lumps, it was impossible to clearly diagnose the spread of lesions using ultrasound alone and so MRI was necessary. We had to perform extended lumpectomy via a periareolar incision to remove the lumps and surrounding hard tissue, meaning that their removal caused obvious changes in breast shape. Therefore, two patients declined surgical treatment in our study.
Treatment for All Lump Types
Once lumps are covered by a capsule, they are not spontaneously resorbed, and calcification may occur as the capsule thickens over time 28 ; hence, the risk of rupture increases. Therefore, early diagnosis and treatment is required.
Risk Factors for Lump Formation
The quality of fat, method or location of injection, and injection volume are all important for reducing the risk of breast lumps. Adipose-derived stem/progenitor cells play an important role in improving the quality of injected fat, and Coleman's technique of injecting small amounts at a time should be followed, as breast lumps may be formed if a large volume is injected into a single site. [1] [2] [3] [4] 7, 10, 29, 30 Yoshimura et al. 31 performed surgery to switch from implants to autologous fat grafting by cell-assisted lipotransfer, and reported that injecting fat into several different layers with fine 16-18G needles resulted in no palpable lumps, cysts of size 5 mm or larger, or calcification.
All of the patients in this study had undergone breast augmentation at other clinics, and details of the amounts and methods of fat injection were therefore unknown. It is possible that large or multiple lesions were the result of an injection of a large volume of fat at a single location, especially under the mammary gland.
CONCLUSIONS
Ultrasound is essential for the diagnosis and classification of breast lumps after breast augmentation by autologous fat grafting, and can be used to select the appropriate treatment in accordance with the condition of the lumps.
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